In order to reduce the increase of fuel prices, and improve the living conditions of the population, a study was carried out by Convention No. 1/IRAD/PCS ESA2-SDCC in the region of Garoua in Cameroon. The study aimed to characterize the behaviour of J. curcas associated with V. unguiculata in marginal soils in the Sahel region in order to improve the livelihoods of the farmers and promote its domestication in rural areas. It also aimed at pointing out the influence of two implantation techniques of J. curcas on the germination, the different quantities of NPK and cow dung, planting techniques and association with V. unguiculata var. lori on growth parameters of development and yield of J. curcas on the degraded marginal soils in the region. The experimental design was a completely randomized block with five levels of fertilization (F0: control; F1: 50 g; F2: 100 g of NPK 15-20-15; F3: 1 kg and 2 kg of cow dung) per plant. Two types of establishment propagator (Ge) and direct seedling (Se) with three replications were used. Data were analysed by Stratigraphic + and XLSTAT. Results showed that the propagator germination was higher than the direct seeding, 95% and 40% respectively. The Principal Component Analysis (PCA) of the parameters of growths and yield of J. curcas showed high correlation between the production of the leaves and the length of the leaves (R = 0.861; P ≤ 0.001). These parameters were correlated with the Biplot (F1 and F2) to 53.24%. It was opposed to the positives and imperfect correlation between the height and the recover parameters (R = 0.486; P ≤ 0.05). The treatments 100 g of NPK per plant and 2 kg of cow dung per plant induced strongly the development and yield of J. curcas and V. unguiculata adapted to marginal soils.
Introduction


Rural development in the Sudano-Sahelian region of Cameroon relies heavily on cash incomes derived primarily from cotton. The current changes in this sector (competitiveness of cotton fiber on the world market, declining world price of cotton fiber, drastic increase in input costs, etc) and other factors such as declining soil fertility, the irregularity of rainfall and climate change reduce the profitability of cotton at the producer level. The production of "green fuels"
Materials and Methods
Description of Study Area
The study was conducted in Sanguéré-Paul in Bénoué division, land of Garoua Region, in Cameroon. The annual average precipitation is about 900 mm, with a mean monthly temperature ranged between 22-45 °C. The soil is made up of sand and ferrallitic type which characterizes the marginal soils. The vegetation is dominated by shrubs and some trees such as Vitellaria paradoxa, Terminalia glaucescens, Entada africana, etc.
Technical and Biological Materials
Biological materials consisted of seeds of J. curcas and V. unguiculata var. lori, from "SICAM". Agricultural materials were Pesticide-General 35 DS (insecticide), Round up Biosec (herbicide), Fertilizer: N-P-K (15-20-15) and dung of cow.
Establishment of Seedlings of J. curcas in Marginal Soils, Cameroon Cleaning and Treatment Ground
The experimental plots were cleared to make a seedling ground clean, with application of Round-up Biosec two weeks before planting at a rate of 8 packets of 260 g per hectare.
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.2.2 Watering and Germination of J. curcas in Seedbed in Marginal Soils
The figures 1 and 2 presented watering and germination of J. curcas in seedbed. Before the sowing, the board is watered copiously; this allows weeds to grow after two weeks of watering the board is sown in rows or bunches either. For 2 m², it takes 32 bunches (8 × 4 cm). The seeds were first pretreated with insecticide and seedbed 2 cm deep and covered with sand to allow uniform emergence. The plates were protected against animals by a fence with thorns. Watering was done every morning. The sowing of the seeds of J.
curcas on the six boards of propagator was performed in June. A board has a length of 4.5 m and a width of 2 m. The distance between two plates is 70 cm. Each sheet contains 15 lines, 10 bunch per line and 3 seeds per hill, and spacing is 30 cm and 20 cm interpoquet. The surface of the boards is leveled and raked, and the edges to keep water butts for watering. Thus, the floor boards have been sufficiently watered before and after seeding.
Experimental Setup of Direct Seedling and Transplanting in Marginal Soil, Cameroon
The experimental device for setting up trials is the randomized complete block device, four levels of fertilization compared to the control was performed (Table 1) . This is F0 = 0 g plant -1 , F1 = 50 g plant -1 , F2 = 100 g plant -1 of 15-20-15, F3 =1 kg plant -1 and F4 = 2 kg plant -1 ox dung. Two types of locations were considered. The fertilizer was made in a ring around the plant 15 days after emergence in case of direct seedling, 15 days after the propagator. The culture of J. curcas has been associated with V.
unguiculata (Cn) sown in August which will be compared to the performance of J. curcas in pure The age of the plants was two months even until they reach a size of 30 to 40 cm because, from this stage, they begin to develop their offensive odour and no longer likely to be grazed by animals. The field was chosen as flat as possible for transplanting. The soil was light, but not much else the root system would grow too quickly thus preventing transplant, deep and fertile and weeded within a radius of 50 cm around the plant to prevent pests, it must be moist so does not injure the roots of seedlings, which is removed as seedlings that can be used to replace a missing foot or a new planting. The extractor's nursery stocks in the open, the plates were sprayed the day before to facilitate their removal. The tear was cautious. A ditch was dug across the width of the board deep enough to reach the roots of the plant. Seedlings were subsequently removed one after the other while lifting. Roots were dipped immediately after pulling into a mixture of water, cow dung, clay or earth. The roots were cut to a few centimeters apart from the main root. The plants were transported quickly in the shade and carefully planted in fields and in the immediate holes 30. 30. 30 cm prepared beforehand. We have made well-rotted manure. It was mixed with the soil. Transplanting was done in bed planting hedgerows as soon as the seedlings are large enough to be displaced, that is to say 1 to 2 months after germination. The most appropriate period is late May to early July at the latest. It is very important to note that when conditions are exceptionally favorable for planting, you can lift the plants and dispose of land unguiculata were planted at a density of 60. 30 cm.
Maintenance of Plants after Transplanting
It was conducted in two stages: the manual weeding twice in the season and mounding plants at the end of the season for the plants a good resistance to drought.
Site Clearing and Direct Seedling of V. Unguizculata
Weeding of the plots was carried out in August. V. unguiculata was planted, between rows of J. curcas two lines of V. unguiculata were planted at spacing of 60 cm between rows and 30 cm in the row of V. unguiculata.
Observation and Recording of Agronomic Parameters
To assess the development, growth and production of J. curcas, the following biometric parameters were recorded once a month from October to January. The various observations are based on botanical surveys in this case plant height, stem diameter at 15 cm above the ground, the number of branches, number and condition of the leaves, possible attacks, flowering, fruiting, the number of flowers and fruits, the surface of the crown, petiole length, length and width of leaves, branching plants, the state stem, weight of seeds of J. curcas, biomass and yield of V.
unguiculata. To carry out various operations, 14 plants per subplot were randomly selected. We used a caliper to measure the diameter of the plants at a height of 15 cm from soil. Plant height was measured using a graduated scale from 0 to 2 m; the leaves are always counted as well as male and female flowers. The fruits are also evaluated and the measured diameter. V. unguiculata plants were subject to similar treatment. The number of plants per line was evaluated; the beginning and end of flowering and fruiting were noted.
Estimation of Biomass and Carbon Sequestration of J. Curcas Associated with V. Unguiculata in Marginal Soils
According to Brown, et al. [4] , Biomass average = volume average. 0.62. 10 
Analysis Methods
The Stat Graphics + and the XLSTAT were used for data analysis.
Results
Seed Germination Boards, Direct Sowing, Survival and Mortality of Seedlings of J. curcas
The germination (95%) rate of seeds of J. curcas is very important in the third week in the boards (Fig. 3 ). There are still 5% of ungerminated seeds in the propagator. The germination rate of seeds after direct seedling was 40% in the third week. This low seed emergence of direct seedling is justified by the scarcity of rainfall and soil type sandy gravel. Once the plants are taken, they are likely to survive without doubt, where the high survival rate observed in the propagator (94.14%) and direct sowing (81.56%). The mortality of seedlings and direct seedling propagator are usually due to biotic factors such as insects, animals and pests.
Influence of the Treatment, the Types of Implantation and Association on the Growth and Production of J. curcas in Marginal Soils in Garoua Region of Cameroon
8 parameters of growth and yield were studied (height, diameters, ramification, recover, production and length of the leaves, leaf width and Yield of Seeds of J. curcas) ( Table 2 ).
The lower of height of the seedlings of J. curcas founded with the treatment F0GeP (44.50 ± 7.20 m) and height with F2SeP (90.14 ± 2.47 m). This result suggests that the fertilizer with a high dose (F2: 100 g of NPK) acts strongly on the height growth of seedlings of J. curcas.
The highest diameter (5.94 ± 1.00 cm) value is saved with the F1GeP treatment. Between this treatment and treatment F2SeCn, F4GeCn and there is a slight difference. Indeed we expect a high diameter of plants with these two treatments because the dose of NPK fertilizer 100 g plant The production of leaves was important between November and December. V. unguiculata is a legume which gives strong production of leaves in December. During the fruiting period of V. unguiculata in December, there is a strong release of nitrogen needed for plant nutrition and therefore produce many leaves.
The leaf length of J. curcas was important with F0GeCn treatment.
The width of the leaves of J. curcas appears with the treatment F4SeP and presents a good result as regards the width of leaves. Ox dung to 2 kg per plant promotes the development of the width of the leaves of J. curcas .  The table 3 presented observations, minimum, maximum, mean and standard deviation of 8 parameters of growth and yield of J. curcas. Between the eight parameters, the maximum number of the leaves production (375,250 numbers) is important than other parameters. Values in the same line followed with different letters in superscript are significantly different at P < 0.05. 
Matrices of Pearson (n) Correlation of the Types of Implantation and Association on the Growth and Production of J. Curcas in Marginal Soils in Garoua Region of Cameroon
There was important correlation between the production of the leaves and the length of the leaves (R = 0.861; P ≥ 0.001) ( Table 4 ). The Principal Component Analysis (PCA) of the parameters of growths and yield of J. curcas in marginal soils in Garoua Region of Cameroon showed that these parameters were correlated with the Biplot (F1 and F2 ) to 53.24%. It was opposed to the positives and imperfect correlation between the height and the recover parameters (R = 0.486; P ≤ 0.5). There was negative correlation between the yield of seeds and the ramification (R = -0.097) of J. curcas in marginal soils in Garoua Region of Cameroon (Fig. 4) . According to the treatments, F2SeP and FoGeCn were positively correlated with Biplot (axis F1 and F2: 53.24%), while the treatments FoGeP, F3SeP, F3SeCn, FoSeP and FoSeCn were negatively correlated with F1 (30.63%) axis. Figure 5 presented the dendrogramm parameters of growth and yield of J. curcas in marginal soils in Table 4 Matrices of Pearson (n) correlation of the types of implantation and association on the growth and production of J. curcas in marginal soils in Garoua Region of Cameroon. 
Dendrogramm of the Parameters of Growth and Yield of J. curcas in Marginal Soils in Garoua Region of Cameroon
Distance between Centers Objects of the Treatment of J. curcas in Marginal Soils in Garoua Region of Cameroon
The distance between centers objects was presented in this table 5. The higher distances were observed between class 1 (FoGeCn) and class 3 (FoSeP) (320.946 cm) and class one (FoGeCn) and class five (F2GeCn) (294.32 cm). The table 6 
Barycenters of Classes of the Parameters of Growths and Yield of J. curcas in Marginal Soils in Garoua Region of Cameroon
Weight, Distance, Inertia of the Treatments of J. curcas in Marginal Soils in Garoua Region of Cameroon
The AFC analysis (Table 7) presented the weight, distance, inertia of the parameters of growth and yield of J. curcas in marginal soils in Garoua Region of Cameroon. The treatment F2GeCn showed that the relative weight (1.18); the distance (1.40), Inertia (0.09) and relative Inertia (0.07) were important than the other treatments.
Weight, Distances and Quadratic Distances at the Origin and Relative Inertia of the Parameters of Growths and Yield of J. curcas in Marginal Soils
The table 8 presented the weight, distances and quadratic distances, inertia and relative inertia of fruit yield and seeds of J. curcas in marginal soils in Garoua Region of Cameroon. The production of the leaves (0.49) and height (0.32 cm) had the important 
Yield of Fruit and Seeds of J. curcas in Marginal Soils in Garoua Region of Cameroon
The random selection of one foot of J. curcas fruiting in December showed that the average diameter ranges from 5 to 8.5 cm and J. curcas can produce 3 to 4 fruit during the first year that the plant is well protected. The number of fruit and seed yield of J. curcas is zero with the control treatment .The treatment F2SeP has a good yield in seed weight. This
Techniques of Domestication and Carbon Sequestration of Jatropha curcas Associated with
Vigna unguiculata in Marginal Soil of Garoua Region, Cameroon 255 result shows that the 50 g NPK plant -1 stimulates growth fruits production and seed yield of J. curcas. In December the plants in general and those having undergone treatments F2 and F4 in particular have produced 2-6 fruits (Fig. 4) . Figure 6 illustrates the combination of J. curcas and V. unguiculata (1 ligne of J. curcas + 2 V. unguiculata lines + 1 line of J. curcas etc.). This mixing has a good performance of the production of biomass of both plants. The production of V. unguiculata is in a state of maturity and is ready to be harvested in November.
Mixed Cultivation of J. curcas and V. unguiculata in Marginal Soils in Garoua Region of Cameroon
Production of Biomass, Sequestration of Carbon and Yield of V. unguiculata Associated with J. curcas in Marginal Soils in Garoua Region of Cameroon
F4GeCn treatment has a good production of biomass with V. unguiculata (2.27 ± 1.22 t ha -1 ) and yield (154.62 t ha -1 ) ( Table 9 ). This result shows that the dose of 2 kg of cow dung associated with the propagator technique improves the culture of J. curcas associated with V. unguiculata. The witness (F0GeCn) with the propagator technique has a low biomass (1.64 t ha -1 ) and low seed yield of V. unguiculata (161.74 t ha -1 ) in combination with J. curcas. Sequestration of carbon was correlated with a production of biomass of V. unguiculata and J. curcas associed.
Discussion
Germination of Seeds of J. curcas by Propagator and Direct Seedling
Germination rate of seeds in the seedbed is greater than the direct seedling for several reasons. The seeds were treated well and the plates were well watered. Protection boards against insects, pests and predators have promoted a very high rate of emergence of seeds. 
Techniques of Domestication and Carbon Sequestration of Jatropha curcas Associated with
Vigna unguiculata in Marginal Soil of Garoua Region, Cameroon If the rate of germination of seeds of J. curcas is low with direct seedling, it is due to several factors such as grain size state seed (purity, presence of germs, high germination) and the selection of seeds from the last harvest [7] . However, the conditions and sources of seed of J. curcas which we were given by ESA Ngong have not met all these conditions. So that the rate of germination of seeds of J. curcas is very low in the first week according to two techniques of seedling. It is for this reason that we replant seeds of J. curcas three times to get the satisfactory result to the third week. Aruna, et al. [8] obtained a germination rate of seeds of 86% 15 days after sowing and [9] has been completely observed the germination of J. curcas 9 days after planting. The depth of seasons and climatics conditions influences the rate of germination of seeds of J. curcas. The shallow planting may be more favorable because germs are using less energy to lift the ground. To ensure good germination, it is recommended to dig holes 20 cm in radius to fill the holes slightly with soil, to plant 2-3 seeds per hole. These seeds should be equidistant from each other in the hole with a gap of 10 cm minimum. This shows that climatic factors influence the rate of germination. Other significant factors such as biotic (partridges and ants that dig up the seeds) contribute to the reduction in germination of seeds of J. curcas. The direct seeding was done in late July or maintained the period 
Comparison of Survival Rate of Seedlings for Each Planting Method
Similar results on the survival rate of plants by various methods have been found in Senegal [10] . The survival rate lowest are those obtained under no-tillage between 5 and 50% with an annual average of 19.8%. According to this author, the rate depends not only on the sowing date and sowing depth but also 
Influence of the Parameters of Fertilizers on Production and Yield of J. curcas
The fertilizer 100 g of NPK per plant and 2 kg to cow dung per plant. J. curcas plants have very important ramifications in Sanguéré-Paul with an average of 10 branches per plant. We found that the early branch of the plant has a decisive effect on the yield of J. curcas as inflorescences developed only the tips of a longer branches and it would produce important fruit. The branching is well correlated with yield. In India, Patolia [11] noted a positive correlation between seed yield and number of tertiary branches per plant and to a lesser extent a positive correlation between yield and number of secondary branches per plant. The branching is well correlated with yield. It is found that strong chemical and organic fertilizers promote increased yields. Many authors support these findings. Among them we cite the work of [12] at Patancheru in India who have made 100 g urea and 38 g of superphosphate per plant at planting. 21 months after planting (density not specified), the number of branches per plant was 3.8 branches for control and 8.7 for plants receiving fertilizer. The plant height is greater to 60 cm on average for fertilized plants and less than 60 cm for plants not fertilized. Similarly study conducted by [13] encourages a mixture of surface soil with 0.5 kg of superphosphate and application of 250 g NPK (15-15-15) per plant at the beginning of the wet season from the second year. The yield of J. curcas is much more important when increasing the dose of NPK or dung cache. These assumptions were confirmed by the work of Reinhardt [14] . It raises the question whether the marginal soils of the Sudano-Sahelian can have these returns because of the severe climate and poor soils. We believe that the plant irrigation during the dry period could improve the yield of J. curcas on degraded soils in North Cameroon.
Biomass, Sequestration of Carbon with Association of Culture of J. curcas and V. unguiculata in Marginal Soils in Garoua Region of Cameroun
The biomass production and yield in cultivated J. curcas spacing of V. unguiculata is low. In this study the effects of recovery is not felt on the seed yield of V.
unguiculata. But in the second year we will expect a reduction in V. unguiculata production.
Techniques of Domestication and Carbon Sequestration of Jatropha curcas Associated with
Vigna unguiculata in Marginal Soil of Garoua Region, Cameroon 258 Association of J. curcas and V. unguiculata is important because the yield of this association is highly.
Problems of Plant Mortality of J. curcas in Marginal Soils
The infection period of J. curcas is drastic in the marginal soils of Garoua Region. The period of maximum parasite attack seedlings of J. curcas is between September and October. The plants associated with V. unguiculatas are much more vulnerable to attacks. The erratic rainfall has the second cause of mortality rate of seedlings of J. curcas in the field at Sanguéré-Paul. The solution we advocate is to water the plants during the first two months of planting and sowing until the onset of the rains in August this year.
The third problem of mortality of J. curcas is the quality of soil of Sanguéré. It has a negative influence on growth and development of J. curcas. If the soil is too degraded, the size, the diameter, the basal area, the ramifications, the number of leaves are less important especially when it came to control treatments without the use of chemical or organic fertilizers.
Conclusions and Recommendations
Germination rate of seeds of J. curcas on the boards increased to 95%. The germination rate of seeds after direct seeding passed to 40%. The survival rate of boards is 94.14% and that of direct seedling is 81.56%. A low mortality of seedlings and direct seedling propagator are usually due to biotic such as insects. The doses of NPK 100 g/plant and cow dung 2 kg plant -1 improve the number of branches of J. curcas.
There is a positive correlation between branch number and yield of J. curcas. F4GeCn treatment has good biomass yield (2.27 ± 1.22 t ha -1 ) and seeds ( 
